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Abstract
Alchemy was a science practiced for more than two millennia up till the end of 18th century when 
it was replaced by modern chemistry, which is practiced up till this very day. The purpose of this 
report is to look into this shift and investigate whether this shift can be classified as a paradigm 
shift  according to the famous philosopher Thomas Kuhn, who came up with a theory on the 
structure of scientific revolutions. 
In order to come to draw any kind of conclusions, the report summarizes and defines the criteria 
for what constitutes a paradigm, crisis and paradigm shift, which are all important in order to 
investigate the manner in which a paradigm shift occurs. The criteria are applied to the historical 
development  of  modern  chemistry  and  alchemy  as  well  as  the  transition  between  the  two 
sciences. As a result, alchemy and modern chemistry satisfy the requirements and can be viewed 
as two different paradigms in a Kuhnian sense. However, it is debatable whether the shift from 
alchemy to modern chemistry can be called a paradigm shift.
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1. Introduction
Modern Chemistry is one of the most practiced disciplines in the scientific community. It is a 
science describing the interaction between different substances through chemical reactions and 
explains their composition, structure and properties. In essence, chemistry is a science that seeks 
the understanding of various chemical phenomena within our physical world.
Modern chemistry dates back till the 18th century and is therefore not a very old practice, but the 
principles on how to gain knowledge through experiments and observations on different matters 
goes  back for more than two millennia.  Before chemistry,  there  was alchemy.  Much like in 
today’s chemistry, alchemy involved the concept of understanding and acquiring knowledge on 
different kinds of matter through experiments and observations. Although the alchemists’ studies 
were based on ancient theories and concepts, such as the ancient Greek concept on that all matter 
consists of Earth, Fire, Water and Air, it gave many alchemists and philosophers a foundation for 
the understanding of nature. But around 17th and 18th century there were individuals controverting 
this theory (like Robert Boyle  (1627-1691) with his book The Skeptical Chemist), and proving 
that  nature  doesn’t  consist  only  of  those  four  elements  (like  Antoine  Lavoiser (1743-1794) 
explaining the process of combustion). Those discussions and inventions thus paved the way for 
the birth of modern chemistry. 
Thereby, the focus of this report is to give readers an understanding on the period which alchemy 
existed and discuss the events that led to the birth of modern chemistry in relation to Thomas 
Kuhn's theory in History of Science. Kuhn's theories are used to determine whether or not the 
shift from alchemy to modern chemistry can be classified as a revolution in science known as a 
paradigm shift. 
   
5
2. Problem analysis and formulation
2.1. Problem analysis
In this section, a brief overview of the history of alchemy and modern chemistry from 400 BC to 
the 18th century will be given. This will act as an introduction to the content throughout the 
report.
Around  300  BC  ancient  Greek  philosophers  came  up  with  a  concept  how  to  physically 
manipulate the properties of different substances. From that time period all the way up until the 
late 18th century, this practice was known as Alchemy, which is considered the building block to 
what we now consider as Modern Chemistry.  
Although the practice was mainly used in the pursuit of transforming metals, such as lead into 
gold or producing an elixir for everlasting life, alchemy opened up a new understanding of the 
material  world  around  us.  Back  in  around  300  BC  several  Greek  philosophers  developed 
concepts  in  of  how  to  look  at  the  material  world  based  through  observations  on  natural 
phenomena rather than on myths. The most important of these concepts was the idea that all 
matter consists of Four Elements (fire,  water, air,  earth),  which was invented by Empedocles 
(490–430  BC)  at  around  450  BC.  This  concept  was  later  expanded  by another  philosopher 
Aristotle (384-322 BC) who associated each of the elements with different qualities (Water: cold 
and moist,  Air: hot and moist,  Earth: cold and dry,  Fire: hot and dry).  This gave scientists a 
foundation for explaining what different materials consisted of (Read, 1957).
Alchemists were greatly influenced by Aristotle's theories. From the birth of alchemy (around 
300 BC) to the birth of modern chemistry (around the 17th  and 18th  century) the concept of 
matter consisting of 4 elements was the backbone in alchemy, giving good reason for alchemists 
to think that turning metals like lead into gold was possible. 
Many of the ancient Greek theories were questioned by philosophers during the 17th century, 
especially when sir Robert  Boyle released his book “The Skeptical Chemist” in 1661, which 
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expressed Boyle's objection to the Aristotle’s theory of four elements and discusses how the arts 
of  alchemy must  be  based  on  modern  concepts (Hunter,  1994).  Although  his  reputation  has 
always  been  greatest  as  a  physicist  by  making  everlasting  contributions,  his  influence  on 
chemistry was enormous. He was not a great pioneer in the art of chemistry (there are no Boyle's 
law in chemistry as opposed to physics) but because of his  extensive knowledge in physics, 
Boyle had an intuitive perspective on chemistry.  His biggest interest  was how to explain the 
characteristics and properties of matter through physical theories, which concentrated on new 
atomic theories that were more rational and mechanical compared to the Aristotelian theory of 
Four Elements (Boas M, 1976, p. 2-5, 75-80).  From thereon, Aristotelian theories were slowly 
replaced  and  one  century  later  a  young  French  scientist  by  the  name  of  Antoine  Lavoisier 
introduced a number of theories, which established the art of modern chemistry. His best know 
theory is the Law of Conservation of Mass1, which states that matter can be neither created or 
destroyed  (Chang,  2008,  p.30).  1773  was  the  year  which  historians  have  described  as  “the 
chemical revolution”, in which Lavoisier was responsible for. All these events led up to the shift 
from alchemy to chemistry.
During the twentieth century, an American philosopher by the name of Thomas Kuhn worked 
greatly on the history of science. He released his book The Structure of Scientific Revolutions in 
1962 and would from thereon greatly influence philosophy of science and became one of the 
most cited books in academic history (Kuhn, 2004). Kuhn discussed the importance of historical 
scientific events and how science is transformed by these events. He argued how the progression 
of  science  was  due  to  periodic  revolutions  or  paradigm  shifts.  He  presented  two  types  of 
scientific  concepts,  “normal  science”  and  “revolutionary  science”  (Nickles,  2003).  Normal 
science  would  describe  an  event  that  extend  or  complement  a  given  paradigm,  where  the 
revolutionary science explains a revolutionary event due to a crisis within the scientific field. 
Many philosophers have applied his theories to discuss whether a certain scientific event was a 
periodic revolution (paradigm shift).   
1 Mass, or matter, are made of atoms and are thereby unchanged in a chemical reaction within a closed system. Later 
discoveries showed that the change in mass is possible if matter undergoes a nuclear reaction.
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2.2. Problem formulation
Based on the analysis above, we can form the main problem: “Was the shift from alchemy to 
chemistry a paradigm shift according to Thomas Kuhn’s theory?”
2.3. Semester theme requirements
The semester theme for 3rd semester is “Reflections on natural science and/or communication of 
natural  science”.  The  objective  is  to  work  with  natural  science  “as  a  cultural  and  societal 
phenomenon”, observing science from aside and exploring what is science itself (according to the 
Study Guide - The Study Board, 2008).
In our project we are going to work with science as phenomenon, focusing on development of 
chemistry as science. Asking such questions as “what were the events that induced the alchemy-
chemistry shift?” and “how did the shift happen?” we are going to investigate what were the 
reasons for the fall of alchemy and rise of modern chemistry. By doing that, we are looking at 
science  as  an  object,  observing  transformation  –  as  the  change  from  alchemy  to  modern 
chemistry.  We will  look at this change from various perspectives,  e.g.  focusing on historical 
authorities who are believed to be involved in this shift and inquiring whether this shift should be 
called a paradigm shift, according to Thomas Kuhn’s theory.
  
2.4. Strategy
The focus of this report is on finding different literature to approximate the time of the shift from 
alchemy  to  modern  chemistry  and  thereafter  analyze  whether  or  not  alchemy  and  modern 
chemistry were paradigms, as well  as determine whether  or not it  was a paradigm shift  in a 
Kuhnian  sense.  Our  main  source  of  literature  concerning  paradigm  shifts  are  Structure  of  
Scientific Revolutions by Thomas Kuhn and What is this thing called Science? by A.F. Chalmers, 
which  both  provide  information  about  paradigm shifts,  which  is  essential  for  answering  the 
problem. 
The progression of the report will follow as such:
- Historical  background  of  alchemy  and  modern  chemistry,  discussing  their  concepts, 
theories and values.
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- Explanation of the criteria for Kuhn’s theory of paradigm shifts
- An analysis of the two time periods in respect to Kuhn’s theory and thereafter discuss 
whether or not they can be considered paradigms. Thereafter, if the two periods indeed 
were paradigms, there will be a discussion on whether or not one paradigm (alchemy) 
leads to another (modern chemistry) through a paradigm shift. 
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3. Before modern chemistry
3.1. Alchemy
The roots of alchemy may be found in ancient Egypt and India, but there are also arguments that 
alchemy was practiced earlier in China. It existed and developed for two millennia (from around 
300BC to 17th or 18th century AD). (Read, 1995)
Alchemy itself is like a network, which includes such things as religion, folklore, mythology, 
astrology, magic, mysticism, philosophy and others. The development and rise of alchemy was 
influenced  a  lot  by  Greek  philosophers,  for  example,  the  four  elements,  which  was  the 
cornerstone  of  alchemy,  was  a  theory originally  described by Empedocles  and developed by 
Aristotle (c. 350 BC). Those four elements are fire, earth, water and air, which were believed to 
be  able  to  be  transformed  in  one  another.  For  example,  it  was  a  great  achievement  when 
alchemists distilled wine (9th or 10th century) and made nearly pure alcohol – this substance in 
their sense was “water” (i.e. liquid), which burns. (Read, 1995) 
The  four  elements  were  coupled  to  two 
specific properties each: fire – hot and dry, 
air  –  hot  and moist,  earth – cold  and dry, 
water – cold and moist (Figure 1). None of 
the  elements  is  unchangeable  –  they  can 
transform in one another by the medium that 
connects  them,  for  example,  fire  can  turn 
into air through medium of heat or air can 
turn into water through medium of fluidity 
and so forth (Holmyard, 1968).
The idea was that “One is All and All is One”, meaning that everything can be derived from one 
substance and many substances can become one. The reasoning for this assumption was based on 
observations, such as the process of wood burning. When green wood is heated, there is some 
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Figure 1 The Four Elements and Properties (adapted from: 
Read, 1995)
water on the cut ends, therefore wood contains water; there is smoke when it burns, so it contains 
air; the wood burns, so it contains fire; and finally, the ash is what’s left, therefore wood contains 
earth. (Holmyard, 1968). This principle also worked for metals - alchemists thought of gold as 
the most perfect metal and other metals are essentially the same, except that they contain other 
admixed substances. (Leicester, 1971). 
The  possibility  of  transmuting  one  metal  into  another  could  be  inspired  by  the  observed 
spectacular  changes in nature – like seeds turning into flowers or caterpillars  into butterflies 
(Read,  1995).  Alchemists  thought that  nature is  always trying  to reach the perfection,  which 
meant that all the metals that are less perfect were striving to reach the perfection of gold. Those 
transformation processes  take place in earths  crust  and over  a long period of  time, so  some 
alchemists  believed that  it  could be possible  to  improve  artisans’  methods to repeat  nature’s 
processes completely (Leicester, 1971). 
It was very common for alchemists to try to make gold from other metals like copper, lead etc. 
There have been found many recipes which describe falsification of gold and others. The most 
important characteristic for alchemists was the colour of the produced material, according to the 
colour  they judged if  the  experiment  has  been successful  (Read,  1995).  So when alchemists 
produced  a  substance,  which  closely  resembled  gold,  they  could  speculate  by  applying 
Aristotelian philosophy1, saying that the substance is indeed a form of gold, but in some way less 
perfect than true metal (Leicester, 1971). 
Returning back to the theory of four elements, the question was raised why isn’t it possible to 
take a common metal like lead and transform it into a precious one – like gold, because they both, 
according to theory, are consisting of air, fire, water and earth. Then the idea of harmony and 
unity of universe, “One is All, and All is One” led to the belief that there should be one substance 
that could lead things to perfection – a philosopher’s stone (Holmyard, 1968). It was so-called as 
“medicine for metals” which could be capable of curing imagined diseases of the base metals to 
transmutate them into perfect metals like gold and silver. Moreover, according the postulate of 
unity of matter,  philosopher’s  stone should also heal  infirmities  of man and prolong his  life 
(Read, 1995). 
1 According to Aristotle’s philosophy all the things tend to reach perfection, and among metals the less perfect were 
always striving to reach the perfection of gold.
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The idea of four elements and philosopher’s stone was typical also in 16th century when the Swiss 
alchemist  and physicist  Paracelsus (1493-1541) came up with a so-called “popular alchemy”, 
which was extravagant and provocative due to innovative ideas and practices (Bensaude-Vincent 
and Stengers, 1996). He wasn’t interested in alchemy in the meanings of making gold and silver, 
but to use alchemical processes for the preparation of medicines. Paracelsus believed that one 
particular substance can contain several potential powers, and with help of alchemy it is possible 
to prepare it in different ways to cure different diseases. All in all, Paracelsus understood alchemy 
as an art  of transforming a raw material  into finished one.  In his belief,  medicine should be 
handled by chemists; in that case medicine would be able to be more efficient (Holmyard, 1968). 
He was the pioneer of using chemicals and minerals in medicine and he insisted that that should 
be the purpose of alchemy rather than making gold. His work gave a new orientation and fresh 
life to alchemy. After the death of Paracelsus, his followers, so-called Paracelsians continued and 
developed his ideas. So this medico-chemistry (alchemy combined with medicine) flourished till 
the end of seventeenth century; meanwhile the old alchemy fell into a slow decline and finally it 
concluded with the scientific revolution which was the birth of modern science (Read, 1995). 
3.2. Phlogiston theory
In  the  second half  of  17th century and throughout  most  of  the  18th century,  the  attention  of 
chemists  was  most  attracted  by  the  problems  of  nature  of  combustion.  There  was  no 
understanding among scientists  of what  exactly  happened in the process of combustion.  The 
earliest theories of this phenomenon were based on direct observations when burning matter. It 
was self-evident that important changes occurred during a combustion process and those changes 
always interested alchemists. 
When observing the combustion of organic matter,  the most obvious fact was that flame was 
always escaping from the burning object. Some matter was being lost and the evidence of this 
was the light ash that was left afterwards. So, the scientists concluded that there should be an 
inflammable principle that is escaping during combustion. Also, the idea gradually grew that air 
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was needed for  the  combustion  to  occur,  which  various  scientists  proved by failing to  burn 
substances in a vacuum (Leicester, 1971, p.119-123).
The inflammable principle for burning was called phlogiston (from the Greek word for burned or 
inflammable). The theory of flammable elements containing phlogiston was first introduced by a 
German  physicist  and  alchemist  Johann  Joahim Becher  (1635-1682)  in  late  17th century.  It 
became more advanced and popularized later in the 18th century by another German chemist and 
physician Georg Ernst Stahl (1660-1734). Becher, who introduced corrections for the theory of 
the four elements – he eliminated fire and air but put three forms of earth instead: terra lapidea, 
terra fluida, and  terra pinguis, where  terra pinguis  held the combustible properties and was a 
substance that was released during a combustion process (Read, 1957, p.120). Later on, Stahl 
extended  the  theory and renamed  terra  pinguis  into  phlogiston –  the  principle  of  fire,  what 
combustible substances contain and give up in burning or metals in  calcinations (calcination is 
heating of metal). When metals are burned, the residue left is called calx, which today we call an 
oxide (McCann, 1978, p. 23-24) and reaction can be viewed as following: 
2Mg(s) + O2(g) → 2MgO(s)
In this reaction the metal (Mg) binds with oxygen from the air and forms an oxide (calx) (Chang, 
2006, p.105).
The more phlogiston a substance contains, the less residue is left after it has burned. Therefore, 
such substances as oil and charcoal were viewed as almost pure phlogiston (McCann, 1978, p.23-
24). The concept of phlogiston and combustion can be viewed as following:
Illustration 1: The transfer of phlogiston from 
one type of matter to another
1 
1 http://cti.itc.virginia.edu/~meg3c/classes/tcc313/200Rprojs/lavoisier2/phlogfire.gif
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Charcoal → Residue + Phlogiston
Metal → Calx + Phlogiston
This concept also explained the ability to transform calxes into metals by heating with charcoal:
Metal calx + Charcoal → Metal + Ashy residue (Greenberg, 2007, p .239-241)
In modern chemistry we would schematically show those reactions differently:
C(s) + O2(g) → CO2(g) (instead of Charcoal → Residue + Phlogiston)
Li(s) + O2(g) → LiO2(s) (instead of Metal → Calx + Phlogiston)
MgO(s) + C(s) → Mg(s) + CO(g) (instead of Metal calx + Charcoal → Metal + Ashy 
residue).
Similarly  burning phosphorus  in air  formed phosphoric  acid  and sulfur  –  sulfuric  acid.  And 
heating those acids again with charcoal produced elemental phosphorus and sulfur (Greenberg, 
2007, p.239-241). Phlogiston theory was also successful in explaining why metals had so many 
more common properties then their ores – all metals were compounded from different elementary 
earths in combination with phlogiston, and phlogiston was the common element for all the metals 
and therefore produced common properties. Moreover, the theory explained also the decrease of 
volume in a confined volume of air when the combustion occurs – the phlogiston released by 
combustion “spoils” the elasticity of the air that absorbs it, just like fire “spoils” the elasticity of a 
steel spring (Kuhn, 1996, p.99-100).
When scientists performed more experiments concerning calcination, they could observe some 
anomalies of phlogiston theory. They observed that the burning of metals result in weight gain of 
the substance during the process, which is the opposite of the theory that the substance should 
lose phlogiston and therefore also the weight.  Scientists Antoine-Laurent de Lavoisier (1743-
1794) and Joseph Priestley (1733-1804) looked more into this phenomenon and tried to explain it 
(McCann, 1978, p.27).
In 1774, Priestley did an experiment by heating some red calx of mercury and from that he could 
observe that in that air candle was, in his own words, “with remarkably brilliant flame”, and red-
hot wood was sparkling in it, and this air could support combustion for a longer time than the 
usual air (Read, 1957, p.134-135). The reaction that occurred was as following:
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2HgO(s) → 2Hg(l) + O2(g) Δ H ۫=90.7kJ/mol (Chang, 2006, p.590)
 It was naturally assumed that air already contains some phlogiston, because things were able to 
burn in it (Read, 1957, p.134-135). So  Priestley invented the concept of characterizing air by 
calling dephlogisticated air the air that  supported combustion, whereas phlogistated air was air 
that did not support combustion and was saturated with phlogiston, such as nitrogen (Greenberg, 
2007, p.239-241).
Priestley was so dedicated to phlogiston theory that he excluded the possibility that the reason of 
having those different kinds of air could be that actually air is not an element but combination of 
elements.  In that  manner,  the  air  he called dephlogisticated air  is  oxygen in our sense.  This 
conclusion was made by Lavoiser in 1783, what will be discussed later on in the report. 
All in all, phlogiston theory gave a negative interpretation of a positive process – when metal is 
calcined it gains oxygen instead of losing phlogiston. Also air was considered as a passive agent 
in combustion, taking up phlogiston instead of giving oxygen to the burning substance (Read, 
1957,  p.120-121).  The  phlogiston  theory  was  powerful  and  conceptually  useful  for  about  a 
century.  It  has been named the “swan song of alchemy”  (or the end of alchemy),  because it 
mostly indicates the fall of alchemy and rise to new theories (Watts, 1989). 
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5. Beginning of modern chemistry
This section will explain how Modern Chemistry developed after the era of alchemy by looking 
upon the main problems that scientist were facing. Although modern chemistry arguably did not 
exist  up until  the time of Antonie Lavoisier's  and John Dalton's (1766-1844) groundbreaking 
discoveries from the year 1772 to 1803, many new concepts and theories were being discussed 
among the scientific community as early as the 17th century. One of the leading figures during the 
17th century was Sir Robert Boyle, who worked on numerous experiments concerning air and 
combustion, something that was not yet fully realized up until Lavoisier's work, which was where 
oxygen  was  discovered  and  also  got  its  name.  Despite  Boyle's  achievements  during  his 
experimental work, it was his views on the currently existing ancient concepts at the time, which 
was the foundation of alchemy, and his ability to question them that made him a interesting 
individual within chemistry.  This section will  thereby look upon the  transition period,  which 
began when Boyle started his work on chemistry and ended when Dalton developed his atomic 
theory.  
5.1. Transition Period (1661-1803)                   
In this section, it is important to distinguish the meaning of gases and  air,  since that the word air 
during  the  time  before  Lavoisier  (1783)  was  regarded  as  an  element,  not  a  composition  of 
different gases.
A few decades before the transition period, chemistry was more viewed as an art rather than a 
science. Using science for the sake of improving medicine was the main focus for scientists and 
during  the  beginning  of  the  17th century  many  scientist  began  to  realize  the  usefulness  of 
chemistry in the production of medicine. Of course, this also led to new discoveries not just 
concerning medicine, although scientists did yet not fully embrace chemistry as a science due to 
the lack of theoretical knowledge. The biggest issue scientists were facing during the transition 
period was to gain understanding on the behavior between gases and a combustion process. In the 
middle of the 17th century, scientists like Robert Boyle, with the aid of Robert Hooke (1635-
1703),  carried  out  experiments  concerning  gases,  such  as  the  air  pump,  which  led  to  the 
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explanation of the pressure-volume relation that bears Boyle's name. Though this event concerns 
physics more than chemistry, Hooke and Boyle were also working on the aforementioned issue 
on combustion. Fire was a well known phenomenon among chemical philosophers although the 
implications of what produces fire were purely speculative. This is where the phlogiston theory 
was applied, which was accepted among several scientists around Europe with the exception of 
British and French scientist, who had a more reluctant acceptance to this theory due to the fact 
that  there  were  no  concrete  evidence  to  phlogiston's  existence.  Hooke  and  Boyle  conducted 
experiments with combustible substances under different conditions. The most intriguing of these 
conditions was conducting combustion in a sealed container. Substances like sulfur did not ignite 
when air was removed, where other substances such as gunpowder (containing sulfur, charcoal 
and potassium nitrate)  could burn under water.  They thereby realized that air  was needed to 
perform a combustion process for most substances, where the nitrate could act as a substitute for 
air in gunpowder. They also discovered that metal gained weight when heated. (Ihde, 1964, p. 1, 
27-31, 32-33)  
Although Boyle gave good insight on the pneumatic behavior and the nature of combustion and 
reactions,  his  greatest  contribution  to  chemistry  were  his  arguments  on  how  chemistry  had 
advanced into a science, not an art, and of its importance to natural philosophy. He was puzzled 
by the fact that scientist or philosopher had not attempted to disprove the Aristotelean concepts, 
which he saw as narrow and barren. He stated that “with the assistance of it [Aristotelean theory] 
I could do no more than I could have done when I was a stranger to it” (Hunter 1994, p. 57). 
Although attacking the Aristotelean concept that he was against, he dedicated more of his efforts 
into  defending  chemistry  as  a  science,  which  is  a  topic  discussed  in  his  famous  book  The 
Skeptical Chymist (1661). He argued that chemistry was theoretically, mechanistic and rationally 
sufficient to be viewed as a scientific discipline. He believed that in order for a scientific theory 
to be true it must be backed up by empirical values through experiments. Many scientists were 
inspired by his work and praised him for his enthusiasm as a chemist. Although many scientists 
followed Boyle's example in using experiments to backup their claims, Boyle had difficulties in 
convincing the scientific community that chemistry should not be dominated by concepts and 
principles linked to alchemy. (Boas 1976, p. 48-74) (Hunter 1994, p. 57-59)
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Around a century after Hook and Boyle dwelling on the issues of combustion, a French scientist 
by the name of Antoine Lavoisier started his own research concerning this matter.  According to 
many historians, Lavoisier was the main candidate for the development of modern chemistry and, 
in some cases, goes as far as calling him the father of modern chemistry.  During his career as a 
scientist, as well as a tax collector, he made the discovery that would tip the scientific community 
toward  chemistry,  which  was  discovering  the  presence  of  oxygen and  gaining  a  solid 
understanding on combustion. He carefully measured the weight of the substances before and 
after a reaction had taken place and came to the conclusion that mass is neither created nor  
destroyed.  This became the basic law for the development of modern chemistry (Zumdahl 1995, 
p. 20-21).
Many of Lavoisier's  early experiments during the seventeen-seventies  focused mainly on the 
behavior of substances when heated in the presence of air. Like Boyle and Hook before him, 
Lavoisier conducted experiments where substances, such as sulfur and phosphorus, were heated 
with  or  without  the  presence  of  air  to  determine  whether  or  not  air  is  required  to  perform 
combustion. The experiment with phosphorus can be viewed as following:
P(s) + O2(g) → PO2(s)
 In  the  case  of  the  combustion  of  phosphorus,  the  volume  of  air  decreased  as  well  as  the 
phosphorus  gained  weight  during  the  process.  This  led  him  to  the  conclusion  that  air  was 
absorbed by the substances during the process. This was also the case for the phenomenon known 
as  calcination (heating of metal). The metal would turn into a powdery substance know at that 
time as calx.  There  were also  other  experiments  preformed where  air  was  released,  such  as 
reaction where a certain metal reacts with an acid. Lavoisier made such an experiment by heating 
calx from mercury (the same experiment Priestley did, described in section 3.2), known today as 
mercury oxide (HgO), air was liberated, but to Lavoisier's discovery was that the air from the 
calx was way more pure than ordinary air. Flames burned more brightly in the presence of this 
pure air and the volume was also lower compared to ordinary air. He also discovered that the air 
after preparing the mercury calx in a closed container had reduced in volume and asphyxiated 
animals. This was also the case when phosphorus was combusted. He thereby concluded that 
combustion required only a certain amount of air, but did no go as far as recognizing this part of 
air as a gas. Priestley associated Lavoisier's discovery with the phlogiston theory, saying that the 
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pure air is dephlogisticated air. This means that the air could absorb more phlogiston and increase 
combustion. The word  oxygine was first  used in 1777 when Lavoisier wanted to explain the 
nature of acids. Oxygen is Greek word for acid former, which thereby meant that if you were to 
burn inflammable air, which was the name of hydrogen back then, you would produce an acid. 
This  experiment  was  problematic  for  Lavoisier,  since  that  he  hypothesized  that  burning 
inflammable air in presence of pure air should yield an acid, though no yield was detected. Other 
scientist reported a few years later that water vapor was formed by burning inflammable air. 
Lavoisier then conducted an experiment together with Pierre Simon de Laplace (1749-1827) that 
would prove his theory of combustion in relation to oxygen. He decomposed water by sending 
steam through a heated gun barrel and observed that inflammable air was exhausted at the other 
end. He also observed that iron calx had formed on the inside of the barrel. The reaction from a 
chemical standpoint looks like this:
2Fe + 3H2O → Fe2O3 + 3H2 (The Fe2O3 was the observed iron calx)
By 1783, Lavoisier presented his theory on combustion for the Scientific Academy in Paris. Like 
Boyle before him, Lavoisier used knowledge through his experiments to present his theories to 
his colleagues, who normally discuss their theories through philosophical concepts. Although his 
colleagues  were  impressed  by his  enthusiasm,  they were  reluctant  to  accept  his  theories  on 
combustion in favour of the phlogiston theory. Lavoisier thereby realized that he must attempt to 
disprove the phlogiston theory in order to succeed. Two years later, Lavoisier presented another 
memoir  Reflections on Phlogiston, which was a direct assault on the phlogiston theory, which 
was insufficient in convincing his colleagues, especially the English philosopher Joseph Priestley, 
who  put  much  effort  into  defending  the  phlogistion  theory.  This  marked  the  beginning  of 
Lavoisier's conquest on convincing chemists into adopting his theories in hope of removing the 
fundamental issues within chemistry. In 1787, Lavoisier presented yet another memoir title The 
need to reform and improve chemical nomenclature,  which sat out to reform the language of 
chemistry in an attempt to compel chemists in adopting his theories. This was quite a different 
strategy compared to his previous work, since he did not focus on disproving phlogiston but 
rather  on  how his  theories  makes  sense.  This  proved  to  be  more  successful,  even  so  when 
Lavoisier and his allies (scientists who favoured his theories) began to inform scientists outside 
of  his  native country,  like Britain,  Holland and United States  of  America,  about  his  take on 
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phlogiston in comparison to his own theory of combustion. In 1789, Lavoisier published the 
textbook Treatise of Elementary Chemistry, which explained the new chemistry nomenclature and 
denied the existence of phlogiston. His work attracted many followers, which thereby marked the 
beginning of the development of Modern Chemistry.             
(Guerlac 1961, p. 76-111) (Ihde 1964, p. 61-73) (Donovan 1993, p. 133-139 and 157-187)
Following Lavoisier's example after the turn of the 17th century, scientists performed experiments 
focusing on heat and weight of substances during reactions.  This was done to determine the 
behavior of reaction and the composition of different chemicals.  One of those scientists  was 
another Frenchman Josepth Proust (1754-1826) who developed The Law of Definite Proportions  
(1799), which states “that a given compound always contains exactly the same proportion of 
elements by weight”. This principle stimulated the English scientist John Dalton in to developing 
the modern atomic theory, which says that a chemical element consists of atoms that are unique. 
Though these atoms cannot be destroyed, which complies with Lavoisiers Law of Conservation 
of Mass, and are immutable, they can bind together as a complex structure and form a chemical  
compound. His theory attracted a lot of attention throughout the scientific community though it 
took a period of 70 years for his ideas of atoms to become a general theory in chemistry. He had 
serious difficulties in explaining the atomic weight of different elements and how the elements 
remained together, which delayed the acceptance of his theory, though his theory was applied 
during those 70 years to explain isomerism among chemical compounds (Knight & Kragh 1998, 
p. 105-106) (Ihde 1964, p. 98-111). Isomers are compounds with the same chemical formula but 
with a different chemical structure. Thereby, two compounds can share the same formula but 
have  vastly  different  properties.  The  hypotheses  on  matter  which  Dalton's  based  his  atomic 
theory on can be summarized as
 Elements consist of invisible and indestructible particles called atoms.
 Atoms of a given element are identical in mass, size and properties and are different from 
other elements. He did not attempt to describe the structure of the atoms, since he did not 
know what an atom really looked like, though he did realize that they must be different by 
looking at  elements like hydrogen and oxygen, which have different properties  
 Compounds consist of atoms of two or more elements. The ratio of the number of atoms 
of the elements is either an integer or simple fraction. This means that in order to form a 
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compound the right (specific) amount of atoms of each element is needed, which is in 
compliance with the Proust's Law of Definite Proportions.  
 A chemical  reaction involves  only the separation,  combination or  arrangement  of  the 
atoms. Atoms are neither created nor destroyed. Again, this hypothesis complies with the 
Law of Conservation of Mass.        
Of course, the modern atomic theory that we know today is more involved compared to Dalton's 
theory, but the main essence of it is still valid. As mentioned earlier in the report, atoms can be 
destroyed through a nuclear reaction, but they cannot be destroyed through chemical reactions. 
Also, atoms of the same elements are not always identical, since they can have a different number 
of neutrons which alters the mass of the atom. Although their mass differentiates they almost 
have the same chemical behavior. This is due to the fact that their behavior is largely determined 
by the electronic structure.  These atom variants are known as Isotopes.  
(Chang 2008, p. 29-30) (Zumdahl 1995, p. 20-24)
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6. Thomas Kuhn’s theory of paradigm shift
Thomas Kuhn, which is one of the most influential philosophers of the 20th century, started his 
academic career as a physicist. He had a great interest in the history of science and the events that 
affected the scientific community in a way that it changed the concepts in which scientist base 
their research on. This interest is reflected in his most famous book The Structure of Scientific  
Revolutions, where he is discussing the history of science and its development (Bird, 2004).   
Kuhn’s book The Structure of Scientific Revolutions describes the development of science in a 
different  manner  than before.  The common opinion used to  be that  science develops by the 
addition of new truths to old truths, which was to be seen as straightforward traditional views. 
According  to  Kuhn  science  development  is  not  uniform,  but  has  alternating  normal and 
revolutionary phases, where revolutionary phase is not a period of accelerated progress but rather 
differs qualitatively from normal science.  Paradigm itself can be defined as  extraordinary or 
revolutionary science, which is a contrast to the science before the paradigm. That can also be 
interpreted as immature science, which can be called pre-paradigm period, which is then replaced 
by a paradigm (Bird, 2004). 
6.1. The development of science and scientific revolutions
Thomas Kuhn has been looking much into the nature of science and its historical development. 
His  theory  puts  emphasis  on  the  revolutionary  character  of  scientific  progress,  where  old 
conceptual framework is displaced by developing a new one. Kuhn’s view of scientific progress 
can be summarized in an open-ended scheme as following: 
Pre-science – normal science – crisis – revolution – new normal science – new crisis.
Chalmers, referring to Kuhn, characterizes pre-science (or pre-paradigm – Kuhn, 1996) as total 
disagreement  and  debate  over  fundamentals,  so  that  it  is  impossible  to  perform  detailed, 
structured work.  The disorganized and diverse activities  that  forego the  formation  of  normal 
science  becomes  structured  and  directed  when  a  paradigm gets  accepted  by  a  scientific 
community (Chalmers, 2005). A. F. Chalmers in his book “What is this thing called Science?” 
describes it as following: “A paradigm is made up of the general theoretical assumptions and 
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laws  and  the  techniques  for  their  application  that  the  members  of  a  particular  scientific 
community adopt” (Chalmers, 2005, p.108). It is essential that the scientific community could 
actually use the paradigm and work within it,  which is why Kuhn emphasizes that paradigm 
should include law, theory, application and instrumentation together to guide and provide models 
for  scientific  research  that  scientists  can  apply for  solving various  problems,  like  explaining 
chemical processes or solving mathematical equations (Kuhn, 1996, p.10). 
In the postscript of Structure of Scientific Revolutions, Kuhn offers a “disciplinary matrix” for 
explaining what a paradigm is and what this term should be used for. As he writes: “.. I suggest 
‘disciplinary matrix’: ‘disciplinary’ because it refers to the common possession of practitioners of 
a particular discipline; ‘matrix’ because it is composed of ordered elements of various sorts, each 
requiring further specification” (Kuhn, 1996, p.182). 
In this disciplinary matrix Kuhn offers four elements that are placed within a paradigm, which are 
as following:
• ‘Symbolic  generalizations’  which  are  formal  components  that  are  already  found  in 
symbolic form (e.g. f=ma) or expressed by words (e.g. “action equals reaction”). They 
can be also called as laws of nature that  provide definitions and symbols.  The more 
symbolic generalizations a science has, the more powerful it is, because scientists have 
more of them at their disposal. 
• ‘Metaphysical parts of paradigms’, which can be explained as scientific communities’ 
commitments to beliefs (e.g. heat is the kinetic energy of the constituent parts of bodies) 
or beliefs of particular models, which can also provide the community with analogies and 
metaphors  for  helping  to  determine  the  puzzle-solutions  and  come  up  with  an 
explanation. 
• ‘Values’, which is important for providing a sense of community for natural scientists as 
a whole. Values have particular importance when the members of a scientific community 
have to identify a crisis and later on choose a way for practicing their discipline. There 
are also values to be used for judging theories – they must permit puzzle-formulations 
and solutions, and they should be simple and self-consistent where possible, plausible 
and compatible. All in all, values can be interpreted in many different ways. 
• ‘Exemplars’ which Kuhn refers to as concrete problem-solutions, shared examples that 
can be found in periodical literature and that gives scientists (or people who want to 
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become  scientists)  the  knowledge  and  material  that  they  can  use  during  their  post-
educational research (Kuhn, 1996, p.182-187). 
Scientists that work within a paradigm practice  normal science  according to Kuhn. Those two 
terms are  thus  closely  related  (Kuhn,  1996).  When scientists  are  in  sufficient  agreement  on 
fundamentals  and have common standards,  they practice  normal  science,  considering  that  in 
Kuhn’s view  normal can be called something what is common for a group of specialists in a 
university or other academic institution, over a given period (Nickles, 2003). 
The normal science will be practiced within the framework it used to have, till the scientists will 
experience  difficulties  and  meet  obvious  falsifications  (Chalmers,  2005).  If  those  kinds  of 
difficulties cannot be solved, a  crisis  state emerges. And those difficulties cause confusion in a 
scientific  field  and  the  intelligibility,  reliability  and  significance  of  its  practices  come  into 
question. Crisis results when scientists become unsure of how to proceed, how to decide which 
research is worth proceeding, which assumptions are not reliable and which concepts and models 
can be trusted. However,  crisis  is always partial,  in a manner that in a crisis  state all  of  the 
scientific work is not stopped, but there is an overall confusion within scientific society, where 
some scientists still do experiments and try to find solutions for the problems. If there would not 
be any sense of how to proceed, all research would just scatter. Instead crisis expands and blurs 
the boundaries of the particular field, thereby making the significance of one’s activity uncertain. 
Therefore it is more sensible to try more and different things, but it becomes less clear what 
meaning these explorations may have (Nickles, 2003). 
Crisis is resolved by the development of a new paradigm, in fact, crises can yield alternative 
paradigms (Nickles, 2003). With time the new paradigm attracts the attention of many scientists 
and  eventually  the  old,  problem-ridden  paradigm  is  abandoned.  This  discontinuous  change 
enhances a scientific revolution or paradigm shift.  So the new, promising paradigm guides new 
normal scientific work till it again meets serious difficulties what leads to a new crisis and new 
scientific revolution. 
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The above mentioned scientific revolution can be explained as abandonment of one paradigm and 
acceptance of a new one, if the relevant scientific community as a whole adopts it, not only some 
particular individuals. And then the scientific community is working within this paradigm and is 
making attempts to improve the match between the paradigm and the nature. As described by A. 
F. Chalmers, “a paradigm will always be sufficiently imprecise and open-ended to leave plenty of 
that kind of work to be done” (Chalmers, 2005, p.110). That is why science cannot be trapped in 
a single paradigm all the time; otherwise it could not progress beyond the particular paradigm. 
There is no cogent reason to expect that one particular paradigm is perfect or the best available, 
that is why science keeps finding new paradigms and that explains the function of revolutions. To 
some extent all paradigms will be unsuitable if their match with nature is concerned, for example, 
Newton’s law of planetary motion did not apply to Mercury. If that kind of mismatch becomes 
obviously serious,  that  leads  to  a  crisis.  Then comes  the  revolutionary  step  of  replacing  the 
existing paradigm with another one, what is essential for the development of science (Chalmers, 
2005). 
6.2. Normal science as puzzle solving
As Kuhn is describing the work within normal science, it is like solving of a puzzle by applying 
the rules of paradigm. The puzzles have to include both theoretical  and experimental  nature. 
Scientists have to presuppose that the paradigm provides means for the solution of a puzzle which 
is posed within the paradigm (Chalmers, 2005). As an example can be mentioned the attempt to 
apply Newton’s law of gravitation to the orbit  of  the moon in eighteenth century,  when this 
“puzzle” attracted attention of many mathematicians and physicists. In this case, in a sense, the 
laws within the paradigm function as rules of inference rather than testable hypotheses (McCann, 
1978).
If the scientist  fails to solve the puzzle, it is assumed rather as a failure of the scientist  than 
inaccuracy of the paradigm. According to Kuhn, all the puzzles will contain some anomalies; 
they cannot be entirely solved, because entirely solved puzzle would complete the development 
of science (Chalmers, 2005). As Kuhn himself writes in his above mentioned book The Structure 
of Scientific Revolutions, he employs the term puzzle as “special category of problems that can 
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serve to test ingenuity or skill in solution” (Kuhn, 1996, p.36). He implies that it is not a criterion 
for the quality of the puzzle that its outcome would be substantially interesting and important. On 
the contrary,  such big problems as finding cure for cancer or design of lasting peace are not 
considered as puzzles at all, because they may not have any solution. That is why one of the 
things that scientific community adopts is choosing problems with a criterion that paradigm is 
taken for granted. Due to that scientific community tried to solve problems are assumed to have 
solutions and that accordingly explains the Kuhn’s theory of puzzle solving (Kuhn, 1996). 
To sum up, paradigm can be interpreted as a framework of normal science, which the relevant 
scientific  community  accepts  and  uses.  The  paradigm  should  provide  solutions  of  various 
problems within the paradigm, or, in other words, the solutions of puzzles. It is also important for 
paradigm to match with nature, for example, such theories as Einstein’s theory of relativity or 
Newton’s laws explain the processes occurring in nature. However, at some extent all paradigms 
contain some anomalies and when those anomalies become too serious, the crisis state emerges 
and revolution takes place. Occasionally the old paradigm is replaced with another one. 
Paradigm shift (or  paradigm change) is the process when one paradigm gets abandoned and 
another  one  gets  accepted  by  a  relevant  scientific  community.  It  can  be  explained  as  a 
transformation or revolution, which does not just happen, but is driven by subsequent events, like 
above mentioned crisis and revolution. Paradigm shift indicates that the way of thinking is being 
changed, or, in other words, the framework of scientific practice has been changed. As Kuhn 
himself says: “...the world does not change with the change of paradigm, the scientist afterwards 
works in a different world...” (Kuhn, 1996, p.121). Kuhn also when talking about those different 
worlds, or different paradigms, is using a word  incommensurable, emphasizing that it is to be 
considered as a paradigm shift when one paradigm is replaced by a different world view, when it 
is  obvious that  a  scientific  revolution has  occurred and scientists  are  working  within  a  new 
paradigm with a new world view (Nickles, 2003). 
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6.3. Summary of criteria
In this section we will summarize the criteria for a paradigm, crisis and paradigm shift, referring 
to the information provided throughout the previous sections 6.1. and 6.2. 
Paradigm
• Practicing normal science;
• Must be accepted by relevant scientific community;
• The framework of a paradigm consists of:
o Symbolic generalizations: determines the concepts within a scientific field, e.g. 
f=ma.   
o Metaphysical ideas: provides the scientist within a scientific field an explanation 
of the behavior and nature of the real world.
o Laws and theories: provides scientists with an explanation of certain aspects of 
the natural world.
o Values: Gives the scientist a sense of community and is used to identify crisis and 
judging theories.
o Instrumentation: an arrangement of general and accepted tools and instruments 
applied within the scientific field.  
Crisis
• Existing paradigm meets serious anomalies;
• Overall confusion in scientific community because the framework is no longer applicable 
to solve a given problem; 
• The existing paradigm is no more applicable.
Paradigm shift
• One paradigm is replaced with another one;
• New paradigm is accepted by scientific community;
• Paradigm shift is driven by subsequent events – crisis and revolution;
• The two paradigms are incommensurable.
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7. Discussion
In this section, the Kuhn’s criteria for when a science can be considered a paradigm will  be 
applied for alchemy and modern chemistry and will thereafter discuss whether or not the shift 
from alchemy to modern chemistry was indeed a paradigm shift.
7.1. Alchemy
One of the criteria for being a paradigm that alchemy fulfills is that it was an accepted framework 
(or science) and was used and practiced for two millennia by a large scientific community called 
alchemists.  All  of  them accepted the overall  principles and ideas of  alchemy,  which will  be 
discussed further on. 
Alchemy  developed  for  two  thousand  years  and  it  has  gone  under  some  changes  and 
development, but it has always had one essential background – the theory of four elements (air, 
fire, earth and water). This theory involved the idea, which can be also called a metaphysical 
idea, that “All is One and One is All”, which thereby meant that you can derive one substance 
from another and also that one substance contains all four elements (like the example mentioned 
in the Alchemy section – wood leaks a liquid when cut and thereby contains water, it burns with a 
flame and thereby contains fire, the burning process releases smoke and thereby contains air, and 
after burning the ash is left, which is earth in the four element framework).  
Further on, alchemists developed a new theory, which was namely the phlogiston theory, which 
explained the nature of combustion. This theory was believed to explain burning and calcinations 
and  became  popular  and  accepted  by  the  community  of  alchemists.  The  phlogiston  theory 
contained  also  a  symbolic  generalization  of  the  burning  process,  which  could  be  viewed  as 
following: 
Charcoal → Residue + Phlogiston
Metal → Calx + Phlogiston
Metal calx + Charcoal → Metal + Ashy residue
It is important to note that the scheme shown above may not be historically accurate, since the 
literature does explicitly inform whether or not this scheme was written in this exact manner, 
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though the literature acquired describing this were all in agreement on the structure that shows 
the nature of combustion.  
The scientists could not really prove experimentally that phlogiston existed as a substance (or 
element in their understanding), but there was a broad acceptance of the theory as well as the idea 
that phlogiston actually existed, since that was the most logical way of explaining combustion 
processes during that time. 
Apart from the theories, metaphysical ideas and symbolic generalizations, alchemists also had 
widely  accepted  instrumentation  that  most  of  them  used,  such  as  alchemical  apparatus  for 
distillation and air pump for observing burning process and creating a vacuum. 
According to the above mentioned subjects, alchemy fits criteria for being a paradigm – it has 
theories (as four element theory, phlogiston theory), metaphysical ideas (“All is One and One is 
All” and phlogiston), symbolic generalizations (explaining burning process) and instrumentation 
(alchemical  apparatus such as distillation instruments  and air  pumps for vacuums).  All  those 
criteria guided the work of alchemists, who could apply the ideas, theories and instrumentation 
for making experiments in the attempt of solving problems, such as  making gold from other 
metals (in the early periods) or improving medicine (in the time of Paracelsus) or explaining the 
processes of combustion and calcinations (in the last stage of alchemy). In a Kuhnian sense, it is 
important  that a paradigm provides successful  solutions to problems. In the case of alchemy, 
there were some alchemists that managed to make fake gold and silver. In their understanding, 
the gold it was not fake. Though eventually alchemists understood that the gold they made was 
indeed  not  real  and  considered  it  as  a  failure  of  the  alchemists  themselves  rather  than  the 
inapplicability of their theories. Therefore, it is clear that alchemists as a scientific community 
accepted  the  framework of  alchemy –  the  principles  and theories  that  they applied for  their 
experiments.  These experiments  were driven by the belief  that  matter  could be changed into 
another,  which set  the standard for “what is  good science”.  Since alchemists,  when applying 
Aristotle's theory of four elements, knew the elements and their properties of a given substance, 
they were able to argue when an experimental approach was a good or a bad one. The “All is One 
and One is All” idea was viewed as a principle that the community of alchemists valued, which 
later on, when the phlogiston theory experienced serious anomalies, helped scientists identify the 
problem  within  the  paradigm.  Alchemists  as  a  community  identified  the  crisis  when  they 
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discovered that matter could not be created through chemical reactions. They later on accepted 
the new theory Lavoiser presented rather than attempting to improve the existing ones, such as 
Priestley’s theory of dephlogistated and phlogistated air, which implied that air was on element 
that could change from one state into another.
7.2. Modern chemistry
In  the  case  for  modern  chemistry,  it  is  easy  for  one  to  assume  that  it  can  be  considered  a 
paradigm, since modern chemistry has been accepted as a scientific field and those who practice 
this discipline are called chemists. When looking at the criteria for metaphysical ideas, Dalton's 
concept  on matter  consisting of a combination of atoms satisfies this criterion,  since it  gives 
scientists the foundation for explaining the existence of elements and the formation of matter. 
This  concept  incorporates  Lavoisier's  theory  of  conservation  of  mass  and  Proust's  theory  of 
definite  proportions,  which  gave  chemists  an  understanding  on  how to  attack  problems  and 
thereby expand their understanding on chemical behavior and their possibilities.   Looking upon 
the values of modern chemistry, the way of doing good science can be achieved by developing 
theories by performing experiments. A successful experiment would result in new understanding 
on  the  behavior  and  implications  on  various  phenomena  in  the  natural  world.  This  way  of 
working with science,  envisioned by Robert  Boyle  back in the  17th century,  was  crucial  for 
modern chemistry to mature into a scientific discipline. When the experiments were performed, 
the  instrumentation  and  methods  within  modern  chemistry  were  generally  focused  around 
measuring the physical properties, such as weight, volume and density, of chemical substances 
and monitoring their changes. This was done by utilizing equipment for creating vacuums like air 
pumps. 
7.3. Crisis
According  to  Kuhn’s  theory,  crisis  occurs  when  a  paradigm  meets  serious  anomalies  or 
falsifications  due  to  that  paradigm is  no  longer  applicable  and  does  not  provide  successful 
solutions for the problems, which results in overall confusion within the scientific community 
where scientists are no longer sure how to proceed. 
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In the case of alchemy, Kuhn’s criteria can be applied for the period when the phlogiston theory 
was dominating and was widely practiced. The phlogiston theory met serious anomalies when 
scientists tried to apply it to the calcinations of metals and could not explain why metals gain 
weight when heated instead of losing weight, because of the phlogiston theory predicted the loss 
of weight. The air that was present during the process diminished in volume, which also indicated 
that metals were absorbing matter. Therefore, the theory was no longer applicable and that caused 
big confusion among scientists – they tried to find a better way to explain the burning process, 
e.g. Priestley explained the anomaly with the already existing phlogiston theory by just adding 
that air can have different states like phlogistated and dephlogistated air. However, this did not 
explain the lose and gain of weight for different substances during combustion and was thereby 
not supported by scientists after Lavoisier presented his theory on this subject. Lavoisier's theory 
did  not  only  explained  the  nature  of  combustion,  but  also  that  elements  combine  and form 
compounds. No matter disappears and no new matter is formed, which gave new understanding 
on whether or not it is possible to change on substance into another.  
7.4. Paradigm shift
When the process is to be called a paradigm shift, it firstly indicates that there should be one 
paradigm replaced with another one. In our case, alchemy can be viewed as a paradigm and so 
can modern chemistry. 
Secondly, the new paradigm should be accepted by the relevant scientific community, which 
modern chemistry doubtlessly has achieved,  since all  scientists  that  call  themselves chemists 
work within a selected framework, using the same theories, principles and tools. 
The route from one paradigm to another should include a crisis period and a scientific revolution. 
As mentioned above, the anomalies of phlogiston agree with the Kuhn’s criteria for crisis. The 
scientific revolution in the case of the shift from alchemy to chemistry can be indicated by the 
discovery of oxygen and the nature of combustion by Lavoisier. He also presented the theory that 
all matter cannot be created nor destroyed. Due to these discoveries, the phlogiston theory was 
disproved as well as the theory of four elements. 
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One more discussable thing relating to a paradigm shift is that if both the old and new paradigm 
can be called incommensurable. In alchemy and chemistry case it is debatable, but it is obvious 
that in some aspects alchemy and modern chemistry can indeed be called incommensurable, for 
example by means of accepting different theories and metaphysical ideas. The biggest differences 
between the two are the difference on the view of “what is good science” and the how explain the 
implications of the natural world. The metaphysical aspect of alchemy was very dominant, where 
scientist used the concept of the four elements to explain the nature of matter and the existence of 
elements. This gave the alchemists the belief that all matter can change from one state to another. 
For alchemists, being able to change on substance into another substance constituted a successful 
experiment.  Modern  chemistry  has  a  more  empirical  nature,  where  good  scientific  work  is 
achieved  when  theoretical  assumptions  can  be  explained  through  experimental  evidence. 
Thereby, the framework in which scientists worked under were certainly different from alchemy 
to  modern  chemistry,  were  alchemists  applied  their  theory  and  concepts  to  achieve  their 
experimental goals, where modern chemists used their experiments to develop new theories and 
gain better understanding on nature.
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8. Conclusions
The most noticeable differences when comparing alchemy to modern chemistry are the value of 
“what is good science” and the framework in how to achieve the result to the problems scientists 
were  pursuing.  As  mentioned  in  the  discussion  section,  alchemy  relied  heavily  on  the 
philosophical aspect, where the metaphysical four element theory was used, which sat the values 
for scientist practicing alchemy. The “All is One and One is All” principle that scientists valued 
and was strongly connected to the four elements  theory and gave alchemist  a foundation for 
practicing good scientific work, since this principle gave alchemists a sense of direction and 
promises  success.  Although  not  all  alchemists  were  intrigued  by  the  idea  of  transmuting 
undesirable metals into gold, e.g. Paracelsus who used alchemy for the purpose of medicine, they 
still worked within the framework that alchemy provided. When looking upon the criteria for 
Kuhn’s theory of paradigm shifts and applying it to the knowledge accumulated on alchemy, it 
strongly indicates that alchemy was indeed a paradigm. 
Compared to alchemy, the values and framework in modern chemistry are considerably different 
in that modern chemistry focuses on problem solving within a framework that is more empirical 
in nature. This means that a hypotheses or theory must be supported by experimental arguments 
in order for it to be true. This also supports the value of “how to do good science” within modern 
chemistry, where in order to do good scientific work you must apply theories that have been 
experimentally  accepted.  Applying  Kuhn’s  criteria  on  modern  chemistry,  it  is  also  strongly 
indicated that modern chemistry is a paradigm.
The differences, as described above, when comparing the two paradigms are quite apparent, but 
does  not  necessarily  indicated  a  paradigm  shift  depending  on  the  how  you  view  modern 
chemistry.  This  is  where  the  two  paradigms  are  either  incommensurable  or  somewhat 
commensurable. When looking on how they are incommensurable, the purpose of using chemical 
experiments to achieved success was very different between the two paradigms. As mentioned, 
alchemists  believed  that  changing  one  substance  into  another  was  possible  according  to  the 
theory of four elements. Alchemists applied this theory to present a successful solution to the 
problem (transmuting substances) and formed a procedure for their experiments. Alchemist relied 
heavily  on  philosophical  principles,  where  modern  chemistry,  on  the  other  hand,  is  quite 
different. Modern chemistry is far more empirical in nature and experiments are used in order 
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gain information on the truth. Therefore, a theory must be experimentally proven in order for it to 
be accepted by the scientific community. In this regard, the two paradigms frameworks are in 
disagreement. 
Though this is true when looking at modern chemistry as a science for the purpose of developing 
theories and gaining new knowledge on chemical substances, it can look quite different from the 
viewpoint of chemical engineering. Here, chemistry is applied for the purpose of changing raw 
materials into useful  and valuable materials.  Thereby,  the paradigms of alchemy and modern 
chemistry look more commensurable in that their purpose is to produce desirable substances. 
This  makes the issue on whether  or  not it  was  a paradigm shift  debatable,  though chemical 
engineering  relies  on the  theories  that  were  developed  by chemists  who were using  modern 
chemistry for gaining knowledge.        
9. Perspectives
In this project we focus on Thomas Kuhn’s theory of scientific development, but there is also a 
perspective to look at the scientific development from another standpoint, like Karl Raimund 
Popper (1902-1994), suggesting that scientific progress is an accumulation of knowledge. 
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